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Abstract: The increasing prevalence of childhood obesity is a global health issue. Past studies in Japan have reported an 
increase in both body mass index (BMI) and risk of obesity among children and adolescents. However, changes in body 
size and proportion in this population over time have also influenced BMI. To date, no study of secular changes in 
childhood obesity has considered the impact of changes in morphological factors. The current study explored the secular 
changes in BMI and childhood obesity risk among Japanese children from 1950 to 2000 with consideration of changes in 
body size and the proportions using The Statistical Report of the School Health Survey (SHS). The age of peak velocity 
(PV) occurred approximately two years earlier in both genders across this period. While the increments in height, sitting 
height and sub-ischial leg length relative to height levelled off by 1980, weight gain continued in boys. Between 1980 and 
2000, the rate of the upper body weight gain in boys and girls were 0.7-1.3 kg/decade and 0.2-1.0 kg/decade, respectively. 
After considering body proportions, increments in body weight were small. It could be suggested that the increments in 
weight and BMI across the 50-year period may be due to a combination of changes including the tempo of growth and 
body size due to lifestyle factors. 
Keywords: Secular change, Body proportions, Japan, Children, BMI. 
INTRODUCTION 
 Obesity is a global health concern and the World Health 
Organization (WHO) has projected that as many as 2.3 
billion individuals above 15 years of age will be overweight 
and 700 million obese by 2015 [1]. Childhood obesity is an 
issue of particular concern with an estimated 155 million 
overweight and between 30 and 45 million obese globally 
[2]. 
 The body mass index (BMI: kg/m2) is the most com-
monly utilized index to determine overweight/obesity in both 
adults and children. Because of its correlation with obesity-
related health conditions, the BMI has been recommended as 
a screening tool for overweight and obesity in both popula-
tions [3-5]. However, as suggested by Garn et al. [6] and 
later researchers [7], the BMI has major limitations as a 
screening tool because it is not a measure of adiposity. BMI 
is 1) height-dependent; 2) proportion-dependent (i.e. leg 
length relative to height); plus 3) the inability to distinguish 
between fat mass (FM) and fat-free mass (FFM). These 
limitations suggest that screening ability of BMI will be 
influenced by physical maturation, race, and gender. 
 A number of studies have examined secular changes in 
the BMI of children and concluded that a large proportion of 
youngsters are overweight or obese [8-11]. However, these 
studies simply made comparisons between BMI values of 
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groups of the same age in different survey years. These 
studies did not consider changes in the growth pattern over 
time, including changes in the timing of puberty and 
menarche which differ between countries [12, 13] and also 
changes in morphology, including body size and proportions 
(e.g. leg length relative to height). To date, very few studies 
have considered adiposity changes, for example using skin 
fold thickness [14] and no study has reported secular changes 
in conjunction with body proportions. Since body size and 
proportions, including leg length, will influence BMI, any 
interpretation of secular changes without considering these 
variables may be misleading. 
 There is a common view that the body size of Japanese 
children, including height, weight and sub-ischial leg length, 
has increased since 1950 [15-17]. Many studies have also 
reported an early onset of puberty [15, 18], including 
menarche in girls [16]. During the same period, other studies 
have reported an increase in BMI among Japanese children 
[19, 20] and concluded that childhood obesity is increasing 
in Japan. As many studies did not take changes in growth, 
body size and proportion into account in recent decades, the 
actual causes of change in BMI remain unclear. 
Hermanussen et al. [21] claimed that the increase in BMI 
among Japanese children and adolescents is due to the earlier 
onset of puberty and is not indicative of increasing risk of 
childhood obesity. However, this study did not consider 
secular change in body proportion and therefore the impact 
of morphological changes on the secular change in BMI. 
 The aim of the current study was to examine secular 
changes in the body size and proportions of Japanese 
children and adolescents and re-evaluate the secular changes 
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in BMI and childhood obesity risk in Japan. The study used 
the data from The Statistical Report of the School Health 
Survey (SHS) conducted during the period 1950 to 2000. 
MATERIALS AND METHODS 
 The SHS is an annual health survey which targets 
kindergarten and schoolchildren aged between 5 and 17 
years. The survey was first conducted in the 1890s to 
establish growth standards as part of a growth monitoring 
system under the auspices of the Japanese Ministry of 
Education (presently, the Ministry of Education, Science, 
Culture and Sports; MEXT). The survey is conducted at all 
schools by law with height, weight and sitting height 
measured by the school nurse between April and June every 
year. A randomly extracted sample is used to analyze health 
status and the growth trends of Japanese schoolchildren. In 
2008, health status was examined using 3,322,441 children 
and adolescents from 7,755 schools (22.6% of the students 
measured) and growth trends were assessed using 695,600 
children (4.7% of the total) [22]. 
 In the present study, gender- and age-specific mean 
values for 6-17 year-old groups (i.e. elementary school to 
high school age) for height, weight and sitting height for 
1950, 1960, 1970, 1980, 1990, and 2000 were used [23]. The 
group of 6 year-olds for example, included children aged 
between 6.00 and 6.99 years. Secular changes in height, 
weight and sitting height were calculated using the equation: 
Difference in the variable = [variable in 2000] – [variable in 
1950]. Based on these height and weight values, secular 
change in BMI was also determined. In addition, sub-ischial 
leg length (height – sitting height) and percentage sub-ischial 
leg length relative to height (sub-ischial leg length/height x 
100) were calculated in order to observe proportional 
changes in Japanese children during this period. The age of 
peak velocity (PV) and PV values for height, weight, sitting 
height and sub-ischial leg length in each period were deter-
mined using the Preece-Baines Model I equation [24]. The 
equation is appropriate to estimate the age of PV and is also 
useful for cross-sectional data analyses [15, 21]. The esti-
mated values at each age showed very high correlations with 
the average values above 0.99 for all time-points. Further-
more, the upper body mass was estimated by subtracting a 
proposed constant proportion of leg mass (16% per leg) [25] 
from the weight of children whose leg length relative to the 
height reached a plateau. 
RESULTS 
 Secular changes in height and weight in boys and girls 
during the period 1950-2000 are shown in Tables 1 and 2. 
There was an 8.1-18.8 cm or 5.6-13.3% increase in height 
and 3.3-15.7 kg or 17.8-44.1% increase in weight in boys 
across the 50-year period. Increments vary between age 
groups and also according to whether the interpretation is in 
absolute or relative terms. In boys, the greatest increment in 
height was observed in the 13-year old group. For weight, 
the greatest increment in absolute terms was observed in 14-
year olds whereas using relative values the greatest 
increment was in the 12-year old group. In contrast, 
increments in height and weight in girls ranged from 5.4 to 
15.4 cm (3.5-11.7%) and 3.4 to 12.4 kg (8.1-39.2%), 
respectively. Greatest increments for girls were observed in 
the 11-year old group for height and in the 12-year old group 
for weight using absolute values (and 11-year olds using the 
relative value). In summary, both boys and girls showed 
gains of about 10% in height and about 40% in weight in 
2000 compared to the children of the same age group in 
1950. Compared to girls, boys showed greater increases in 
body  size.  Figs.  (1 and 2)  illustrate  pseudo  growth curves 
 
Table 1. Height and Weight of Japanese Boys (6 to 17 Years of Age) between 1950 and 2000 
 
Height (cm) 6 7 8 9 10 11 12 13 14 15 16 17 
1950 108.6 113.6 118.4 122.9 127.1 131.1 136.0 141.2 147.3 154.8 159.3 161.8 
1960 111.7 117.0 121.9 126.8 131.6 136.2 141.9 148.1 155.1 161.2 163.6 165.0 
1970 114.5 120.2 125.5 130.4 135.3 140.5 147.1 154.0 160.5 164.3 166.6 167.8 
1980 115.8 121.4 126.9 132.0 137.3 142.9 149.8 156.9 163.6 167.0 168.9 169.7 
1990 116.8 122.5 128.1 133.2 138.6 144.4 151.4 158.8 164.5 167.9 169.5 170.4 
2000 116.7 122.5 128.1 133.6 139.1 145.3 152.9 160.0 165.5 168.6 170.1 170.8 
Difference (1950-2000) (cm) 8.1 8.9 9.7 10.7 12.0 14.2 16.9 18.8 18.2 13.8 10.8 9.0 
Difference (1950-2000) (%) 7.5 7.8  8.2  8.7  9.4  10.8  12.4  13.3  12.4  8.9  6.8  5.6  
Weight (kg) 6 7 8 9 10 11 12 13 14 15 16 17 
1950 18.5  20.4  22.4  24.4  26.4  28.7  31.5  35.1  39.7  45.7  49.9  52.6  
1960 19.1  21.0  23.2  25.5  28.0  30.7  34.6  39.3  45.3  51.0  54.1  56.1  
1970 20.1  22.4  25.0  27.6  30.5  33.8  38.5  43.7  49.6  53.7  56.7  58.7  
1980 20.8  23.2  26.0  28.9  32.4  36.2  41.4  46.7  52.4  56.9  59.2  60.6  
1990 21.5  24.0  27.2  30.3  33.9  38.0  43.5  49.0  54.2  59.0  60.7  62.0  
2000 21.8  24.4  27.7  31.2  35.1  39.4  45.4  50.4  55.4  59.7  61.2  62.6  
Difference (1950-2000) (kg) 3.3  4.0  5.3  6.8  8.7  10.7  13.9  15.3  15.7  14.0  11.3  10.0  
Difference (1950-2000) (%) 17.8  19.6  23.7  27.9  33.0  37.3  44.1  43.6  39.5  30.6  22.6  19.0  
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Table 2. Height and Weight of Japanese Girls (6 to 17 Years of Age) between 1950 and 2000 
 
Height (cm) 6 7 8 9 10 11 12 13 14 15 16 17 
1950 107.8 112.8 117.6 122.1 126.6 131.7 137.3 142.5 146.6 150.2 151.8 152.7 
1960 110.6 115.9 121.1 126.3 132.0 138.1 144.0 148.1 150.7 152.7 153.3 153.7 
1970 113.6 119.3 124.6 130.1 136.2 142.9 148.4 152.1 154.2 155.1 155.4 155.6 
1980 114.9 120.6 126.2 131.9 138.3 144.9 150.6 154.0 156.0 156.6 156.9 157.0 
1990 116.0 121.8 127.4 133.1 139.5 146.3 151.5 154.7 156.4 157.2 157.6 157.9 
2000 115.8 121.7 127.5 133.5 140.3 147.1 152.1 155.1 156.8 157.3 157.7 158.1 
Difference (1950-2000) (cm) 8.0 8.9 9.9 11.4 13.7 15.4 14.8 12.6 10.2 7.1 5.9 5.4 
Difference (1950-2000) (%) 7.4 7.9 8.4 9.3 10.8 11.7 10.8 8.8 7.0 4.7 3.9 3.5 
Weight (kg) 6 7 8 9 10 11 12 13 14 15 16 17 
1950 17.9  19.8  21.8  23.8  26.0  28.8  32.6  36.9  41.2  45.2  47.7  49.1  
1960 18.5  20.5  22.7  25.2  28.2  32.3  36.9  41.5  45.3  48.1  49.6  50.4  
1970 19.5  21.8  24.4  27.2  31.0  35.7  40.6  44.9  48.3  50.5  51.7  52.1  
1980 20.3  22.6  25.5  28.5  32.6  37.3  42.6  46.5  49.6  51.4  52.2  52.1  
1990 21.1  23.6  26.6  29.9  34.0  38.9  43.9  47.5  50.2  52.1  52.6  52.8  
2000 21.3  23.8  27.0  30.7  34.9  40.1  45.0  48.3  50.7  52.1  53.0  53.1  
Difference (1950-2000) (kg) 3.4  4.0  5.2  6.9  8.9  11.3  12.4  11.4  9.5  6.9  5.3  4.0  
Difference (1950-2000) (%) 19.0  20.2  23.9  29.0  34.2  39.2  38.0  30.9  23.1  15.3  11.1  8.1  
 
 a) Boys  b) Girls 
Fig. (1). Comparison of pseudo growth curves for height for a) boys and b) girls between 1950 and 2000. 
 a) Boys b) Girls 
Fig. (2). Comparison of pseudo growth curves for weight for a) boys and b) girls between 1950 and 2000. 
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for height and weight. All figures clearly show a rapid 
increment between 1950 and 1960 and then the rate of 
increment starts to decelerate. While height for both genders 
and weight for girls overlapped between 1980 and 2000, 
weight for boys appeared to increase continuously from 1980 
to 1990 and then become steady. 
 Differences in the patterns of height and weight between 
the time points and genders were also reflected in secular 
changes in BMI (Fig. 3). Compared to the BMI curve in 
1950, the 1960 curve for boys showed a lower BMI until 12 
years of age followed by a rapid increase afterwards. 
Similarly, the curve for 1970 revealed a lower BMI until 9 
years of age  then  higher BMI afterwards. In 1980, the  BMI  
of the 6-year old group was comparable  with  that  of 1950 
but  then BMI increased after 1970 in all age groups. In addi- 
 
tion, girls showed another distinguishable pattern compared 
to boys. BMI values for girls in the 17-year age group were 
consistent over the last 50 years suggesting that girls have 
maintained a balance between height and weight while 
weight relative to height in boys has been increasing. 
 Table 3 shows that the age of PV calculated for height, 
weight, sitting height and sub-ischial leg length over the 
examined period declined by approximately two years in 
both genders. The decline in PV was greatest between 1950 
and 1960. While PV was first observed in sub-ischial leg 
length followed by height for both genders, boys exp-
erienced PV for weight and sitting height at the same time 
whereas girls experienced PV for sitting height prior to 
weight. 
 
 a) Boys  b) Girls 
Fig. (3). Comparison of pseudo growth curves for BMI for a) boys and b) girls between 1950 and 2000 
Table 3.  Differences in Age of Peak Velocity for Height, Weight, Sitting Height and Sub-Ischial Leg Length in Japanese Boys and 
Girls between 1950 and 2000 
 
Height (cm) Weight (kg) Sitting height (cm) Sub-ischial leg length (cm) 
Year 
Age of PHV PHV Age of PWV PWV Age of PHV PHV Age of PV PV 
Boys 
1950 14.1 7.02 14.4 5.57 14.4 3.76 13.6 3.39 
1960 13.2 7.17 13.7 6.04 13.7 3.92 12.7 3.43 
1970 12.6 7.09 13.1 5.63 13.1 3.67 12.1 3.61 
1980 12.4 7.47 12.8 5.83 12.8 3.73 12.0 3.87 
1990 12.2 7.39 12.6 5.89 12.7 3.72 11.8 3.83 
2000 12.0 7.54 12.3 5.69 12.4 3.68 11.6 3.99 
Girls 
1950 12.0 5.45 13.2 4.60 12.6 2.80 11.3 2.81 
1960 10.6 6.06 12.1 4.78 11.2 3.12 9.9 3.09 
1970 10.4 6.51 11.5 4.97 10.9 3.33 9.9 3.32 
1980 10.3 6.71 11.3 5.16 10.8 3.42 9.8 3.45 
1990 10.1 6.62 11.0 4.99 10.5 3.30 9.7 3.41 
2000 9.9 6.85 10.7 5.04 10.2 3.36 9.6 3.54 
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 Fig. (4) illustrates the change in proportion of sub-ischial 
leg length relative to height with a continuous increase from 
1950 to 1980 in both genders. The proportion is consistent 
after 1980 which indicates that the Japanese reached the 
optimum proportion of sub-ischial leg length relative to 
height by 1980. The change in proportion reached a plateau 
about 13 years of age for boys and about 11 years of age for 
girls across the survey periods except for 1950 where the 
peak was observed approximately one year later. 
 Table 4 shows changes in the upper body mass of 
Japanese children based on a constant proportion of leg mass 
relative  to  weight  from 1960  to  2000.  Using  the  ages 13  
years and above, boys gained an upper body mass of 4.4-7.5 
kg whereas girls aged above 11 years old gained 1.8-5.5 kg. 
The magnitude of the upper body mass gain depends on the 
age group with increments from 1.1-1.9 kg/decade for boys 
and 0.5-1.4 kg/decade for girls. In addition, a comparison of 
the upper body mass gain during the period 1980 to 2000 
(where the proportion of sub-ischial leg length was consist-
ent) there were minimal increments, 0.7-1.3 kg/decade for 
boys and 0.2-1.0 kg/decade for girls. 
Table 4. Differences in the Upper Body Mass between 1960 and 2000 for 11-17 Years Old Japanese Boys and Girls 
 
 Age 11 12 13 14 15 16 17 
Difference (1960-1970) (kg) 2.1 2.7 3.0 2.9 1.8 1.8 1.8 
Difference (1970-1980) (kg) 1.6 2.0 2.0 1.9 2.2 1.7 1.3 
Difference (1980-1990) (kg) 1.2 1.4 1.6 1.2 1.4 1.0 1.0 
Difference (1990-2000) (kg) 1.0 1.3 1.0 0.8 0.5 0.3 0.4 
Difference (1960-2000) (kg) 5.9 7.3 7.5 6.9 5.9 4.8 4.4 
% increment of upper body mass (1960-2000) 28.3 31.2 28.2 22.3 17.1 13.1 11.6 
Rate of increment (kg) per decade (1960-2000) 1.5 1.8 1.9 1.7 1.5 1.2 1.1 
% increment of upper body mass (1980-2000) 8.8 9.7 7.9 5.7 4.9 3.4 3.3 
Boys 
Rate of increment (kg) per decade (1980-2000) 1.1 1.4 1.3 1.0 1.0 0.7 0.7 
Difference (1960-1970) (kg) 2.3 2.5 2.3 2.0 1.6 1.4 1.2 
Difference (1970-1980) (kg) 1.1 1.4 1.1 0.9 0.6 0.3 0.0 
Difference (1980-1990) (kg) 1.1 0.9 0.7 0.4 0.5 0.3 0.5 
Difference (1990-2000) (kg) 0.8 0.7 0.5 0.3 0.0 0.3 0.2 
Difference (1960-2000) (kg) 5.3 5.5 4.6 3.7 2.7 2.3 1.8 
% increment of upper body mass (1960-2000) 24.1 22.0 16.4 11.9 8.3 6.9 5.4 
Rate of increment (kg) per decade (1960-2000) 1.3 1.4 1.2 0.9 0.7 0.6 0.5 
% increment of upper body mass (1980-2000) 7.5 5.6 3.9 2.2 1.4 1.5 1.9 
Girls 
Rate of increment (kg) per decade (1980-2000) 1.0 0.8 0.6 0.4 0.2 0.3 0.3 
Note: 11 and 12 years old boys have not reached optimum proportion of sub-ischial leg length relative to height yet and therefore the proportion of leg mass relative to the total body 
weight may not be equivalent to other age groups. 
 
 a) Boys  b) Girls 
Fig. (4). Comparison of pseudo growth curves for proportion of sub-ischial leg length relative to height for a) boys and b) girls between 1950 
and 2000. 
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DISCUSSION 
 Increments in height and weight over the 50-year period 
in both genders confirm previous reports of rapid growth 
during the post-World War II period [15, 16, 18]. The 
increments in height and weight from 1950 to 1960 are rapid 
compared to the rest of the survey period which can be 
explained by acceleration in the tempo of growth. The 
acceleration in the onset of PV in Japanese children is 
consistent with a previous study [21] in which Japanese 
children showed a decrease in the age of onset of PV by 
about two years. However, the current study revealed that the 
age of PV for all assessed variables decreased rapidly for 
about a year during the period of 1950 to 1960. Such a 
dramatic change in body size may reflect the recovery of 
many Japanese children from a malnourished state during 
World War II [26, 27] as Japan experienced rapid economic 
growth [28]. 
 In the current study, children under the age of 9 years in 
1960 and 1970 showed smaller BMI values than children of 
the same age in 1950. This suggests a greater height incre-
ment relative to weight gain during this period. This may be 
associated with increased energy intake from fat [27] but 
more importantly, increased intake of milk and dairy pro-
ducts which may be attributed to the school lunch program 
resumed in a complete form (inclusion of bread, milk and a 
side dish) from 1950 [29]. Therefore it can be suggested that 
this greater height increment relative to weight gain by 
young Japanese children during this period was a result of 
improved nutritional status, including increased calcium 
intake, which resulted in the change in the timing of puberty. 
Except for children under 9 years of age in 1960 and 1970, 
Japanese children experienced a considerable increase in 
BMI compared to 1950. This reflects a greater weight gain 
relative to height increment. Weight gain continued until 
2000 but height reached a steady rate in both genders by 
1980.  
 In addition to height and weight, body proportions as 
illustrated by the sub-ischial leg length relative to height 
continued to increase until 1980 and reached a plateau. This 
suggests that Japanese children reached a genetically 
optimum height and proportionality consistent with desirable 
environmental factors including adequate nutrient and 
energy intakes by 1980. The observed results conflict with 
an earlier suggestion that Japanese reached their maximum 
physical size by 1970 [27]. The difference may be attributed 
to study design. The present study reported on growth 
patterns based on changes in the age of onset of PV and the 
actual pseudo growth curves of the measured variables. In 
contrast, the findings of the previous study were only based 
on the magnitude of decline in age of onset for PHV and 
difference in height of the 17-year old groups for the survey 
years. 
 The increase in BMI seen in the current study is consist-
ent with the global trend across the second half of the 20th 
century [9-11]. An earlier study of 6-12 year-old Japanese 
children measured in 1989 and also in 2001/02 reported a 
rapid increase of children with a BMI above the age- and 
gender-specific 95th percentile cut-off point [20]. To date, 
however, no studies have considered changes in body size 
and proportion when interpreting the secular change of the 
BMI in Japanese children. In the period from 1950 to 1980, 
Japanese children experienced an increase in height, which is 
partly due to an increase in leg length as well as increase in 
the proportion of leg length relative to height as reported in 
previous studies [15, 17]. While BMI decreases as the pro-
portion of leg length relative to height increases, increases in 
height alone will commonly lead to increases in weight due 
to gains in FM and FFM. Therefore, an increase in BMI 
during this period may be partly due to the combined effect 
of accelerated tempo and changes in body size rather than 
deposition of excessive body fat alone. Since BMI cannot 
provide any details regarding body composition, it is 
impossible to determine the actual cause of weight gain 
during this period. This complicates both the interpretation 
of BMI and secular change in obesity risk among Japanese 
children during this period. 
 Based on adult data, the proportion of mass attributed to 
the lower limb is constant (about 16% per leg) regardless of 
race and gender [25]. Assuming that children have a 
comparable body proportion to adults at the age they reach 
peak sub-ischial leg length relative to height, we calculated 
the upper body mass to gain a better indication of trunk fat 
accumulation. Since 1960, both genders showed a compar-
able tempo of growth between survey years. During the same 
period, boys and girls experienced an upper body mass gain 
of 4.4-7.5 kg (1.1-1.9 kg/decade) and 1.8-5.5 kg (0.5-1.4 
kg/decade), respectively. The curves representing the pro-
portion of sub-ischial leg length relative to height become 
identical from 1980. As height was also consistent after 
1980, increases in weight and BMI after this time point may 
be attributed to lifestyle factors including energy intake and 
physical activity. However, the results showed minimal 
weight gain in the upper body region in both genders. The 
findings of the current study conflict with those of a previous 
study which reported a rapid increase in childhood obesity 
[20]. However, the previous study focused on 6-12 year-old 
children whereas the current study considered data from 11-
17 year-old children whose proportion of sub-ischial leg 
length relative to height reached a plateau. However, we 
observed a greater difference in BMI in young children 
between 1980 and 2000 compared with adolescents (Fig. 3) 
and also a greater % increment in the upper body mass in 
younger age groups (Table 4). These observations may 
suggest variability in obesity risk between age groups with 
younger children being more vulnerable to weight gain in the 
upper body, which may have implications for the develop-
ment of metabolic complications. However, this possibility 
needs to be clarified in future research as the assumption of a 
constant proportion of mass from the legs across childhood 
may not hold given the differences in proportionality 
between children and adults. 
 In comparison to boys, girls aged between 15 and 17 
years showed comparable BMI values since 1960. Previous 
studies have not discussed such gender differences during 
the period where the tempo of growth and body proportion 
are consistent. One of the possible reasons may be an 
increased prevalence of the ‘ideal’ thin female body by 
Japanese adolescent girls. Results from previous studies 
suggest that girls, particularly those living in metropolitan 
areas, tend not to become obese compared to boys or girls 
living in rural areas [19] and that there has been an increase 
in the proportion of young females whose BMI is below 18.5 
kg/m2 [30]. 
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 The small weight gains in Japanese children reported in 
this study do not mean they are without risk from obesity. A 
previous study with adults suggested that the proportion of 
weight gain from FM varies between individuals depending 
on the amount of FM they have at the time of weight gain 
[31]. It has also been reported that an increasing proportion 
of Japanese children are sedentary [27] which may place 
them at increased risk of weight gain from FM in the future. 
To prevent this, effective obesity prevention strategies are 
required. 
 A limitation of the current study was the use of adult 
values to calculate the proportion of leg mass relative to total 
weight (32%) [25]. Since body proportion in children alters 
during growth there may also be a difference in the 
proportion of leg mass relative to total weight between 
children and adults. Previous studies that examined body 
composition of children under 14 years of age using DXA 
reported the proportion of leg mass as approximately 35% 
regardless of gender and obesity status [32, 33]. In order to 
clarify the wider applicability of the adult values and to 
identify the impact of tempo and change in body propor-
tions, it is recommended that age- and gender-specific pro-
portions of leg mass relative to height to be determined in 
future studies. 
CONCLUSION 
 To our knowledge, no previous study has considered 
increases in BMI in conjunction with changes in body size 
and proportion. After accounting for these factors, the 
current study found that increments in body weight were 
small and the subsequent risk of childhood obesity may not 
be increasing as rapidly as it has been suggested among 
Japanese children. Results suggest that increases in weight 
and BMI may be the result of both changes in tempo as well 
as body size due to lifestyle factors. Considering the poten-
tial for higher body weight in younger age groups and the 
increasingly sedentary lifestyle of many Japanese, preven-
tative strategies are recommended to minimise childhood 
obesity and related metabolic complications. 
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